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atael having fmprmd aibMslh and conDsion vasialaitea. 



® ^^^^^^ etairtaes ^cl fm a chemics^ compoafltoi ccmMng essenSaily, on a wetoht basis, of : C : 
0^3% or less, SI : 1 .0% or fesa, Mn : 1.6% or leas. P : 0.040% or lesa, S ; 0-0(»% or less, sol^ : 0.040% or 
^ ^' • ^ * - »-0%, Mo : 2,0 - 4.0%, N : 0.24 - O.M%, W : greater than 1 and at most 

&0%t opUomWy at iaaat one elen^nt salected ftom fte group conabiing of Cu : 0.2 - 2.0% and V : ox»5 - 
1.5% and/or the group conaistfrig of Ca : 0.02% or leas, Mg ; Oj02% or lees, B : 0-02% or less, and one or 
mm late earth metals: 0,2% or less In fotal, md a bei»i» of Fa and Incidental impufl6e& The 
chamlctf composftfon has a value of at least 40 Ibr PREW defined by the fbtlowing ibnnula (a) : 

PREW - I%Cr] + 3.3ff%Mo] + Q.^Ml ^ 16|%NJ (a) 
where fee peroent of each element by wrfght. The steel exhibits h^h atiBngth and aiflCBUent oorraskm 
realstance whidi can be categorized as a si^er c&iplex staH'IEe&& ate^ 
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The present rnventfon r^ates lo a duplex stainless steel which has Tmproved sCrsngth and oorrosiDn re- 
^tanc» in chloHde-contaming environmemts and which Is parllci^arly suitable for use in applications wheiB 
oonvi^tional duplex stainless sleels may undergo c^rosion such as in heat exchanger tubes, line pipes, and 
ramilar products, and rn api^iiatfons where high stnensth f s reqidred for reduction of materia! ctxait or weight 
5 Duplex (ferrio-austenftlD) idtainim sleels ham gcwd corrosion re^slance* partteuJarly in sea water and 

they have been used for many yems in various inc^slrial equipment including heat exchanger tubes. Many 
attempts hawa also been made to improve duplexsia(nfess stBeis, asproposed in Japanese Patent Applications 
l^fd-Open Nos, S(«1Sie<187S>, S2.716(ig77}« 5&-14286S(1flB1). ^-50444 (1987), 62-18CMI43(1Q&7), and 
2-258956(1990). 

10 In reoentyears* as the environments In wfiiDbc»rrDrioR-fesisla^ 

severe, these materials m rsi|ulred to have h^ho- fev^ of omoslon msis^ce and sup^ior metm^lcal 
prop^ties. Duf^ e&a'i^ess steeis are no exception. In order to meet swsh requirements^ fo so-called super 
dur^ex stainless steels have re^tly been developed. For example, see U.S. latent No. 4,765,^; Vemhards- 
son» S,, Corro^on 90, April 23-27, 1 960, Paper No. 164; and Le^bvre, et aU Proceedings of the Ffrat (1991) 

IS Internatfonal Offshore and Poi^ Englneerkig Conference* pp. 224-232. 

PIfUng r^steiMse equivalent (s^brevjated as PRE or PJJ of a duplex stalntess sfaai which ts def hied by 
the following formula fb) fa known as a pmmeter Indicating resistance to focalized oorrasfon, partictdariy to 
pitting corroddn: 

PRE (Pitting Resist£Uice Equivalent) - [%Cf] + 3.3ptMo] + iet%NJ (b) 
20 w^ere the percent of each element Is by we^t 

in general, the Cr, Mo» and N contents of a duplex stainless ^eel are aijusted in such a m^ner that the 
Steel has a PRE of 35 or higher. Hie suqpar duplex stainless atedls have a P}R£ abcm 40 by ftirther incraasing 
the^ Cr. Mo, and N contents and they are attracting interest as materials having excellent corrosion reafslanee, 
especially In sea watsn Hie Increased Cr, Mo, and N oontente of super duplex stefnfess ste^s lead to an in- 
2s crease in strength, llierefbie. the strength of sup^ duplex stainless steels is even higher than conventional 
dupiexstelnlesssteeis which Intierenlly have a higher sitength than terifticoraustenfticsii^e-phase stainless 
steels, which is another prominent fisature of super duplex stainless steels* 

As desc^»d atoom^ the basic concept of alloy des^ for super duplex sterntess steels, which surpass 
convemional ifaipl^ stainless steels in respect to ccvnTslai ml^nce and slrength. resides fn increased cx»n- 
30 tents of Qr, Mo, and N. However, when added in Inoeased amounte, these eiefnsite give rise to the fiirilowing 
problems. 

The Edition of Or and ii^o to a dui:^^ steinless steel in increased amounte lends to cause the ^rma^n 
of hard and brttfe bitermetalltG compouncte called c^phasei, z^BiBe, Laves ptiase, and the like (hminafter 
iBferred te as o- and similar leases). As a result, the steel bemne difficult to work and ^aws md c»acks may 

^ be formed during working, thereby making it difficult to industrially manufaciure ste^ (Hoduc^ such as tubes 
In a steble manner. An excessive increase in the N coitent causes a deteriorBtion in mechanical properties 
due to the formation of nitrides and generation of tdou^ioles. Furthermore, when a duplex stekiless steel haWng 
ino^eased Cr and Mo contente is vrolded, {ntermefalllc ccmtpounds (o^ and ^miiar phases) are pieciplt^ed in 
the steel by the effect of heat generated dudhg weCding, resulb'ng in a deterioratten in not only conoakin re^ 

40 sistence but also In meehaiOcsd properties such as toughness and ductSity in heat affected zones. Since the 
thermal sb^ictural stebllSy of the steel is degraded In this manner, sfdct control of heat input during wading 
and heat treatment after welding are necessary in order to avokf such degradation, leading to a decrease in 
operating eff icisncy v^n sted tobes or other products made of the steel are instaiied. 

It fs an object <^ the Invention to provide a duplex Sinless steel vthkii has h^ stimgth and excellent 

45 corroskm rosfsterm oompmbie or even supeilor to the prior art supcar supl^ stalnim steels and which Is 
less suaceptibte to prectpft^on of totermetellk; compounds of cr- and simHffi^ phases. 

The invention provides a duplex stainless steel which is ImiMOved in thermal sb^ucturai stebiEity and whidi 
Is less susceptible to sensJiiaatlon and embrittlement diffing normal welding and sireas-reilef (SF^ heat treat- 
ment 

^ in brief, the present invention is a f^gh-sfirength du^^ex st^ntess sted having knpraved corroston resls^ 
tence, whteh has a diemteal composi^^<m conslsdng eesentialty, on a weight basis, ttf: 
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Ci 0.03% or less. Si* 
Mns 1*5% or less, 0-040% or less. 

S: 0.008% or less, sol.Ala 0.040% or less, 

Hi: 5.0 - 9.0%, Cn 23*0 - 27-0%, 

Mo: 2,0 - 4,0%, N« 0.24 - 0.32%, 

Wt greater than 1.5% and at itiosi; S*0%, 



optionally one or tnore element seleded firom the first group consistinG of Cu: 0.2 - 2.0% and V: 0*05 
- 1 .5% snd/br the moond group oonBislirig oT Ca: 0.02% or lees, Mg: 0.02% or tasSp B: 0.02% or feos, and me 
or mora w&m aarth mofaiss 0J2% or toss k\ fsotaA. md 
a balance of Fe and Irtcidenfal impurities, 
i5 the dtemicar composition having a value of al least 40 for PREW defined by the kiSlowIno fbrmula (a): 

PFUEW ^ I^Crl + 3.3(P^*Mo} + O.sptWI) + ISfJiNJ (a) 
where the percent each element tfi by weight 

Figure 1 1s a plot of pitting poteittiai of the steels tested in the Example as afuruAioii of PREW values th^e- 
of 'm which the pittii^ potential was measured \n an aqueoi^ 20% ^ted eofautlon at 80 °C. 
20 The ckiplex stainless steel of the prasent ^ventton has high strength and exhiblte exo^ient corrosion re- 
j^lance con^F>arable to or even superior to the prior art super duplex sinless st&els. Nevertheless, it does 
not s^fer the above-mentioned problems of the superdui^ex stamless ^eefs. Namely, ithas Impmved thermal 
structurai stability and Is less susceptible to predpltetion of infermetailic compounds (a- and eimaar phaaea) 
during aRoy preparation^ hctf worknfig, heat teatmentp and midfrig. These desirable properftes of the duplex 
2B starnless sleei of the f»esenl Imwntlon are attelned as the ov^l ef fed: of the above-descilbed many alloying 
elements. HowevcHr, the imst piorrdnenttesriure c^the allc^ composllion resides Ut addition of W in an increased 
amount 

As described previou^y, in order to im(^ve the corrosion resistance of a duplex stainless steel by Increas- 
ing the value of PRE defined by the faregcNng forrmjla (b), it ts effective to ini^ease the oontenta of Cr and 
30 Ua. However, these eimente have an adverse effect iJi promoting the formation of intermetaBIc confounds 
(ts- and similar phases). It is considered thaft the blowing formica (c) for phase stability Index {PS\) Ite usitaiiy 
effective for elMnating such adverse effects: 

PSi (Phase St^nay Index) - |%Cr] + a3I%Mo3 + 31%sg;s40 (c) 
The maadmum value of 40 for PSI l& the threshold value for eiKn^naHr^g the formation of o- and dmllar phas^ 
35 es under heating oonditons for hot tolling, heat traatment (soiutton treatment) condStic^s, and welding condl- 
tions which are normelly app@ed to such a sEafrdess steel. Theredim, In wder to avoid the formation of <r- and 
simBar phaseSp it is a common knowledge to select the contents of Or, Mo, and ^ so that the PSI value does 
not exceed the threshold value of 40. 

Tungsten (W) Is generally considered as an alloying elmient having the same effects as Mo and it ts Ire- 
46 quently dealt with such that an content of Mo (in weight percent) and lis hsrif content of W aie equivalent 1» 
each other. According to t h is o(»nmon knowledge* whm W is added to a duplex stebilesa steel, the foregoing 
fwmuia (c) fbrP^ must bemodifted hy adding e^tfmximafeely '1^I%wrtDthe1bnnrw total contents 

of Cr, Mo, SI and W ace regulated so to satisfy fcrmula {c) and the addition of W must be accompanied by 
a corresponding decrease in the contents of the other elements. Accordingly, preferenti^ addition of W, which 
45 i& an expensive met£^« is of little sigmf icanoe. For this reason, even thoi^h W is added, the W content is re- 
stricted to at most 1 .5% by weight in most conventional duplex sts^itieaa sleets. 

In this reject, the afore-mentioned Japanese Patent Applk^Bons Laid-Open Nos. 66-142855(1081} and 
02-1^043(1987) Kndioate in the daims fliat the Wconlent is up tti 2.0% by we^ht Howevert the W cor^nts 
actuafty employed in the steels whidi are speoifical^ disclosed in these applications are lilted to be as low 
so as 0,2 - 0.3% by we^ht 

The resent Inventor thoroughly investigated the eftecte of W In duplex stefniess steels and found that W 
(^nfaributes to PRE deOned by formula ^} or teslstanqe to corrosion, particularly pirmg corrosEi»i, but its eftect 
on PSI defined by formula (c) of tormatkin of o^ and similar phi»es is negl^ibfe, which is an unexpected fading 
in conftadiGtian to the above-described common knowledge. Thus, W has no substantial effect on hardening 
55 of these steels when they are heat-lreated or affected by heat in a temperature range of 850 - 900 ""C, at which 
preclpitetfon of and similar phases Is readily initiated* In other words, like Mo, W is effective for improvement 
In corrosion resistence and partlKilariy resistence to pHtbig corrosion but, unlike Mo, W causes little aocelBr- 
af ion of the ftsrmation of and elmiar phases* 
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II j$ estlmateil that the leason why W has INtfe effect on acceteFfttlon of the formation of and simSar 
phases is because the rate of diffijsion of W in a relativ^y low lemper^re range of 850 - 900 is low due 
b) Its atomic weight, which Is nearly double the atomic weight of Mo. 

Based on this f inding* W is postthrely added In the duf^ex stainless steel aooordtr^ to this Invenilon and 
5 a new formuta fbr PRE in which the W content to included and which is al>brevialed as FREW Is d^ermlned 
asfoHows* 

PliUEW = t%CrJ + 3.3(|%MoJ + 0.5i%VVl) i- 16I%NJ (a) 
The reasons far restrft^ing the chemical oompositton of the duplex stainless steel of the present invention 
will now t>e described, in the fottowing description, all percents are by we^ht unless otherwise Indicated. 

10 

Carbrni (O): 

Carbon is effective for stai^lizlng atistenltrc phases, as Is N. I^owever, the presence of cart}on tn an amount 
greater than 0.03% tends to causa precipitation of carbides, resulting in a deterioration In corrosion resistance. 
IS Thmfora^ the carbon content Is 0.03% or less. 

^licon^: 

Si&con Is effective as a deoxidiz^r but It has an adverse effect that it accelerates tite formaSon of inies-- 
50 metallic c<Hnnpounds (a- and similar phases), as can be sean fironrt Ibrniula (c)* In view of this effect of SI. the 
Si content Is restricted to 1 .0% or less. Pr^ierably, the SI content fs at most 0.5%. 

Manganese (Mn): 

2S Manganese has adesul^rfzlngand deoxidlzilns effect dutfKig melting of duplex stainless ste^s and serves 
to knpiwe hot workabiltty of the steels. Another desirable effect of Mn is to Increase the solubiiity of N. Because 
c^these ^fects of Mn, up to 2% of Mn content is allowed in most conventional duptexsteiiniess ste^, Howev^, 
since Mn has tte efiact of deteHriora^r^ corrashin resistance thnajgh the formation of MnS, the Mn content 
is resiricted io 1.5% or less in the present invention. Piefer^y. the Mn content is atnmt 1.5%. 

Phosphorus (P): 

Pho^horus Is an ftnfHidty element fficidentaliy incoipoiated In the steel. The P content is lestricted to 
0.040% or tess since conodon reslstenc^ and tou^mess ara remarkably degraded with a P content of moie 
3S than 0,040%. F^efeiably, the P ooiAsnt is a030% or tos& 

3id1ir(3>: 

SulfUr is al£K> an impuil^ element incidenta!ly incorporated in the steel, it adversely affects the hot worlc- 
40 abil%y of the steet due to the lormation of sidf ides, which are segregated on the grain boundaries. Hie suff Was 
serve as polnte at which pitting oomsion is irdUated, thereby degrading resistance to pitting corrosion. In (uder 
to minimize these ad^rse effecte of S, tte S content Is restricted to 0.008% or less. Hie S content should be 
as low as possible and desirably It is 0.005% or less. 

45 SotubPe Atuminum (8QI.AI}: 

Aluminum is ef fectivB m a deoxkJjzer. However, when the steel has a relatively high N content as in the 
present invention, the addition of an excess amount of aluminum causes pieciFritation of stftOTifninn ni&'ide (AIN)t 
which Is undesirable for the steel structure and leads to a loss of cornsston la^tence and toughness. Hiere- 
^ fore, the At content is restricted to 0.040% or less as soLAf . 

bi the melting of the steel of the present Invention, the deoiddlz^ lequirsd tor raf inbng is oompifsed pre- 
dominantly of Al, since the addition of Si in a laige amounl Is avoided ki tlis Invention^ However, ^en vacuum 
melting is employed, the ack^on of Al is nol always necessary. 

55 Nicicei (Ni>: 

Nickel is an essential eienmft for stebiil^ng austenitic phases, hfonvever, when the Nl content exceeds 
9.0%. the content of ferif^c phases is so decreased that it Is difflcijAt tor steel to exhibit the tHisio properties 
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chaFactBriBtic of duplex sfain^s &SGlkSt and it is msceptible to prec^itafiion of infin-metednc oompounds [a- 
and s&ttitar phases). The propm-ties diaradi^istto cf duplex sfakiiess steels are also fost at an Ni content of 
less than 5.0%, since the content of fef Htic phases is ^cessfvely Increased. In addito), due to a low sdutiSity 
of N fai farritic phases^ nlbides tend to precsfpltate at such a low Ni content, leading lo a degrac^tlon of corioslon 
resfsEance. Theieifore» the M content }s 5.0 -9ifl% and preisiably 8i.O - 8w0%. 

ClvQmium(Ci): 

Chrcnnhim is an essential elem^ effective Jbr maintaining ooirosion resistance. Wien the Cr content la 
10 less than 23.0%« an Improved level of corrosion ^sistanoe suitable for a super duplex stairless steel cannot 
be attained. On the other hand. bSL snCr oonfenf exceeding 27.0%, precipllalion of Intermetallic conn^ounds 
(o- and simlar phases) becomes slgnilcant, ieadir^ Id a deferforatloh In bxA woricabllly aid weldalAlty. Theie- 
ftm. the Cr content is 23.0 - 27*0% and prefsiatdy 24^ * 2&.0%i 

IS Mdybdenum (Mo): 

Like Cr, nrKSlj^demim contributes to formula (a) and It Is very effecthrefor ni^ro^ng corrosion resistancOp 
pea-llcidarly reatstance topittoig corroslcm and crewce oorroston. An Mo contentof at least 2.0% Is required to 
assuiQ that the p»iKing steel has substentiaily improved corrosion lesistancd. However, the addition of Mn 
20 in an excesshrely iaiige amount causes en^rittlement of the steel m the pFsparatldn thereof. Furthermore, VkB 
Cn It has the imdesfrable eftect of Increasing the PSI value of foriraifa (c), thereby facilHating preciFdtation of 
intarmetedlic oompounda, Tlierelbre« the Mo content Is 4.0% at most FieteraUy, the Mo content is 2.5 - 3.5%. 

Tungsten (W) 

25 

As described ^ove, the addition of tungsten In a relatively large amount is the most prominent feature of 
the duplex steinless steel of the present mvention. Uke Ma W has an effect of improving corrosion resistance, 
perticulariy resistance to pitting carroslc»i and crevice oornaston. In par^culafr W can form a ^ble oxide which 
serves to Improve cono^on resistance in low-pH envlncmmeiris. 

30 However. W Is more expenslvo Hian Mo and Ite aton^ wel^M Is nearly doiMsIa the aloinEc weight of Mo, 
indicating that to amomtt of W recpilred fo attein the same effiat^ as Mo te twice as iaige as the amount of 
Mo. In adcStionp W was considered to tmve an adverse effect of accelerating theformaton of intermetallic ccm- 
poiffids (o- and sknilar phases) like Mo. For these reasons, W has not t^een positively added In a la^e afnoimt 
In accordance with the present invention, on the basis of the above-described finding* W is ;^ded In an 

3S amount of ^e^ then 1.5%. When the W content is 1.5% or less, the contente of Cr, Mo, and N must be tn- 
creased In order to guarantee thatthe value for PREWf defined by formula (a) is atleast40. themtsy adversely 
effecting the hot vrarKabli^ and therms^ structural stebiiity of the steel. The contente of Mo and Cr can be 
decreased with kicreasing W content, makmg % possible to minimize the adverse effect of these elements that 
accelerate t he formatbn of a- and similar phases. For this reason, rt Is desirable that W be added ki ait amount 

40 of gieater t han 2.0%. The additson of W In excess of 5.0% does not provide the i^el with further Improvement 
in properties, Jim^at^ the W canter^ te up to &0%. Prefere^y, the W content is f^e^r than 2.0% and not 
greater than 3.0%. 

I^te^n(l4): 

45 

LBce NI, nitrogen Is an effective austenite termer and serves te In^mve thermal ^abHil^ and corrosion 
resistance of duplex stress steels. In the steel the present Hvention In which Or and Mo, both terijte for- 
mers, are added In large amounte, N Is positively added In an amount of at least 0.24% in order to assurs a 
proper baHmcB of the duplex phases (austenittc and ferritlc pha^). 
w In additkm, N serves to Improve corrosion resfstence of the steel by contributing to PF^W defined by for- 
mula (a), as do Cr, Mo, and W. However, in 25% Cr-type duplex steinless steels as In the present invention, 
the addition of N In excess of Q.32% degrades the thoughness and corrosion lesistenoe of the steels due to 
the forms^on of deftec^ caused by generatkm of itovholes or due to the foraiattoft of ni&ides in heat-af fecled 
zones duririg we^dkig. Therefore, tfie N content h tX24 -0,52%. 

ViafueforPREW: 

Tftt contente of Cr, Mo, W, and N which are described above are further r^tiicted in such a manner tbeA 

B 
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the value for PREW defined by forimjfa (a) is at least 40. The formula ftN- PREW, Le.^ FREW » [%Cr] 
d.3(I%Mo] -f^ 0.5t%W]) -4- 1di%N]t is cterived tiy adding the effect of W to the known Ibrmuta (b) for PRE. The 
same forimda Is ahieady dfsciosed h the afbre-meEitfoned Japanese Patent Application Laid-Open No. 82- 
50444(1987) as PJ. However, this Japanese application meiely defines as RLse 32.5. It is net sii^^e^d in 

ff thB appliGstion at all that when the value for the formula is over 40, the corrosion iBslstance Is r8n)ari<ably 
anproved md the strength is further Inciiea&ed nor that W does not affect the formula for PSl. Le^ formula (c) 
and therefore can be add«l In an Increased amount 

In addition to the above^desc^bed alloying elemenlSt the duplex stainless steel of the present invention 
may fijrther compifse one or more elements selected from the foUowfng first and second gioups as optional 

fff alhiying elemer^ 

First Gnoup Optiortal Elementa (Cu* V): 

Copper (Cu) and vanadium (\^ are equivafent to each other in the duplex staHass steal of the pmsent 
is hvertllon fn that they have a common effect of improving the corrosion rasiGlance of the steely particuiarty Its 
rasis^ce to non-osddizing acids such as ^fur!c acid. 

Mora apecff Ically, Cu is particuiarty effective for improving the corroiMon re^jsteuice In a reducing Iovih>H 
amrlronment such as in H2SO4 or in an HaS-confairnng amnroimenL This affect is appredable wlustt the Cu 
contBHt isO.2% ormoie. However, ttie addlHonof Cuin axoassof 2.0% causes a deterioialion fn hotwwIcabiiV 
20 of the sisel. Ttwrefore^ whan added, is present in the steel In an anrautit of 0.2 2X3% and prafeiably 0.2 
-0.8%. 

The addition of V in an amount of at least 0.05% in combination with W is effoctive for improving the re- 
s'^fanoe to crevice oonosion of the sM. The i^per limit of the V content is 1 .5% since the addKICMi of V In a 
laiger amoui^ undeslre^ Increases the proportion of ferrSHc phases, resisting in a decrease In lougimess and 
SB corrosion resistance. Thus, whan added, V Is present bi m amount of - 1.5% and preferably 0,05 - 015%. 

Second Optional Bement Group (Ca» ii^g, B« REM): 

Caidum (Ca), magnesium (Mg), boron <B), and rare earth meMs (F£M} ^1 serve to improve the tot work- 

90 ability of the steel tiy fixli^ sulhjn' or oxygen. The dt^lex stainless steet of the present Invention has good hot 
workabl% In rtsdf due to a iow S contentand the nature of W, which does not serve to accelerate the formation 
of and sfrnflar phases although added in a large amount 

However^ when thesteel is worked lo fabricate it into products with a h^h reduction in area throiighfoiging, 
miiing, exiruskmi or a similar wor Idng process. It Is desired that the have tother impiDved hot wcrkablity. 

3S In audi cases, one or more elements selected from the second group may be added, as requiied. 

The duplex stainless steel of the present invention can be used in the form of castings, or It can be fabri- 
csUed In the form of a powder to manufacture products such as tube and pipes tsy hot pressing and/or sinfedng 
u^ng powder metalluigy techniques. When these liabrication processes are employed, the hot vrarkabflify of 
the steel is of liflle consideration and it Is generaiiy unnecessary lo add the second group elements* 

^ When om or more ^ments selected firom^e second group are added, the addition of excessive antouflts 
of these elements resuHs in thelormaticm of oxides md auifides of these elements in Increased amounts, lead- 
ing fo a deterioration In corrosion resistence, since noranetellfc Indusbns such as o^ddss and sulfides serve 
as points at v^ibh pitting corrosion Is initiated. Therefore, it is pref^red that the content of each of Ca, Mg, 
and B be at nK>st 0.02% and the content of REM (mainiy Ui and/or Ce} be at most 0.2% in totel when added* 

4s The tower Umit of each of these ^emente is preferably equaf to or higher t ban the arithmetic sum of the contents 
of hnpurities, 8 and O (I%S] Hh 1i2[%0]). 

Preterabiy, the content of ferritic phases in the duplex steMess ste^ of the present Invention Is 33 - S5 
vol% in 11^ as~£mnea!ed or heat-treated condftion. 

The duplex steinless steel can be prepared in a conventional manner by preparing a melt having the desired 

90 alloy composition and casting to form an Ingot Alternath/ety, the melt may be subjected 10 aiomization such 
as B^m or nifregen gas atomlzatton to form a powd^of Hie steel. 

Hie dui^sx stairless steel of the present fnvmtkm is a hl^h-^trength steel t^ving corrosion resi&tence far 
superior to that ofconvention^d duplex steinless steels wNch are now employed In varknjs in^trial applica- 
tions. It can be cfassif led as a super duplex stainless steel and can withstand n^ore severe corrosive en^^ron- 

ss ments than conventionai duplex stainless ste^s, Ther^ore, itcan be used in severely corrosive environments 
and It Is diso uaefol in tlie manufacture of thin, iilghtwetght products in view of Ite h^b stren^h. Specif IcaJly, 
the duplex steMess steel j& suitable for use In the rr^nufocture of installations, equlpmente, and instruments 
used In seawater environmrnts as well as inslalfatfons and tubing used in drilling and transportation of peto- 
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leum and radural gas. 

Tfie duplex stainless sisel has er^anced thermal stru^uial st^ity and is less suscepltble lo hsfdsiting 
and embrittlefnent caused by predpHation of Interma^llic compounds durtr^ hot workhg or walding. There- 
1bfe« working can be readily performed on the j^esl and mldingcan also ba apjp^ed thensto in the manu^ctum 
s and installation of the at^ove-desolbed |[»roduGts. 

The foUowIng examples are presenled to further iirustiate the present Invention. These examples are to 
be considered In all respects as tlliisliBtlve and not re^lctive. 

EXAMPLE 

Duplex sinless steels ha^ng the chemicaf compositions shown in Table 1 were prepared msKIng in 
a 20 kg vacuum malt^g furnace and they were cast into ingots. The Ingots were heated at 1200 and ^>rged 
into a tNckness of 15 mm. Each of the resulting fofged plates was then subjected to sdutlon toedment at 1100 
^ Ibr 30 minutes and macNnad to prapare prescribed tost specimens for use In the ff^lowlng tests to evalu^ 
IS corrosion resEdtance and cthat imperfles. 

1) Pitting Potential 

The ^t specimen used was a disc measuring IS mm in di»nefer and 2 mm in thickness and it was 
sealed so as to leave an area of 1 civiE^ m the area Id t>e measured. The sealed test spetimen was then 
Immersed fn an aquecKis 20% MaCI solitffon at ftO ^ and Its plltli^ fKitenfiSI was measuiad according to 
30 ^G057g. 

2} We^ht Loss by Pitting Corrosion 

Atest specimen messurfng 10 mm {w) x 3 mm <t) x 40 mm (1) was knmersed for 24 hours in an aqueous 
10% FeO]3.6H20 solution at 50 The same immsrsk>n lest w^ also conducted at 75 After the hth 
mei^ion, the weight loss of the test apedm^ was measiml to de{i»nyiie the CTrrosion rate. 
29 3} Corrosion Resbtance In Acid 

A lest specimen measuring 10 mm (w) x 3 mm {() x 40 mm (I) was immeiSBd in a boling 10% H2SD4 
solution for 3 liours and the weight loss was then mrasuied to detsnnlne the corrosion rate. 
4) Thermal Structuial ^t^Slfy 

From the test matedai which had been subjected to the above-described solution baatmeitf, a lest 
specimen measuring 12 nrffn (t) x 25 mm (w) x 40 nun (1) was cut and subjected to a(^ng treatment at 850 

tor lOn^tesfolkiwed by water coc^. Another test s^ 
to aging treatment at 900 for 10 nffnutesfoKowed by water cooling. The hardness of each test specimen 
was measuiad using a Vickers hardness tester before and after the aging treatment The amount of inter- 
metallki compounds r^recipltatad by the c^bng treatment was evaluated by Hie Inoreirwnt Vidl^is hard- 
36 ness (AHv) after the aging treatment 
5}HotWoiiaibiKty 

Atest bar having a dlamet^-of 10 mm and a length of 200 mm was heated at 1000 ''C fca-S nwiutas 
using a simulating heat-aftoclsd zone tss^. Immediately after the heating, a tensile tome was an^isd to 
the test bar at a speed of 300 mm/sec and tte reduction of area at fracture was measured, 
40 6) Mechanical Properties 

Using test ^acrmens having the shape presciibed as No. 10 Test Specbnen In JiS Z 2201 p a tei^le 
tost ms perfmmed at room temperature (RT) and at 2G0 ""C. 

The test results excef^t for mechanicEri properties are summarized In Table 2. Also deluded In Table 2 are 
values for phase stability index (PSI) and PREW defined by formulas (c) and (a), re^ecliv^y, of eadi test 
45 maten'al* The t^ results of mechanical properties are shown En Table 3. 

In tables 1 to 3, Steels Nos, 42 to 44 are c<»ivention^ steels which oorrespond to the prkir art super duplex 
stfiu'niess stasis d^^dosed in U^. Pat^t No. 4,765,S5a 
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Note - O : Prei^t Invmion« x r Gofliparati^^ 



In Ihe ttiermal structural stability test in v^tch aging ^eatment <tf 900 x 10 mbiutBs was affiled eo a& 
to cause precipftatiOfi off and similar phases, even the W-confairyr^ test sleela accofding to the pmseni in- 
vention suffend hardening to mme extent However, because the Grand Mo contents of these steels whlc^ 
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oon^biilecf to the PS! values wcm decreased due to the addiHon of the vatuesfor AHv of the steels of the 
present invention were on the order of about 50 and weie significantly smaHer than the values of the ocmven- 
tlonal steels (No. 42 - 44), which were on the order of about 80. 

in the same test in vMdti the aging treatment was conducted at dSO the fenr^raiure at which predp- 
3 nation of a* and snmliar phases is Initiated, the steels of the present invention did not suffer any significant 
hardenlkig (^MHw^iO in most cases), while the oonventlmal sleete ;^howed a ctsar ^crease in haidnes^ 

Fiom these results, it is apparent that the dur^ex steint^is steels of the present invention have si^nff itsnt ly 
improved thermaf structuiai stabSify ^h extremely slow preoi{rilation of hard and bHttle int^melalEIc com- 
fo pounds (o- and sknliar phases) oompared to the oomv^ionai steels which camn^imA to the priCH' art super 
duplex stainless steds. 

Regarding lesistanoa to pitting oorrosion, oampamthre steels having rela^ly «maR PRBV values (Nos. 
8, 9, and 41) showed an extremely low p^lng potential and readily developed c^^i^ ooriD^to In a fsnrio chlor- 
ide solutk>n at 50 "C with a corrosion rate of 0.1 - 0^ g/im^hr. 
IB The oonvatitional steels (Nos. 42 - 44) havlr^ vaifies far PREW (or PRE) above 40 and corresponcfing to 
the prior art super duplex stainless steels ^ibited excellent oorro^on resistance and developed no appreci- 
AlB piltlr^ oorrosioit 'm a ferrio chloifde solution at SO «a These slaels ato showed a high pitting potentia! 
In ahlgh^emperaliae, high-crion concentnttlon environment and theretoiehadexeeientcorroslon resistance 
faqulrsd for sea watervnet^s^ant materials. S^lteirly. the sfeefs of the present Nwention mhiblted exceileitf re* 
20 sistanoe to pitting corrosion comparable to the conventkinai steels. 

In the more severe pittEog oorro^on test in a fsrric chloride solution at 75 "^C, pitting oorrdsion occured in 
even the conventional steets. in contrast, when W was added for improvement 'm corroi^n resistanoe accord- 
ing to the preseitt invemion, those steels of the present Inventicm havii^ a relatively high W oontent of greater 
than 2.0% (8*g«, filos. 4-7) couki resist pitting corrosion under such severe condfticms. 
25 Thus, in accordance with the present invention, since the high v^ue for PREW of at least 40 is attali^d 
with retarding preclpttalion of and similar phases, the resistance to pMng corrosbn can be greatly improved 
to a degree comparable fo or even superior to prior art super duplex stainless steels. 

Steels ^fQs. 26 -30 are comparative steels in which the contents of the second group elments (Ca» Mg. 
etc) added to improve the hot wcvfcabli^ were exces^ety hitfi. In these steds, the lesistaitoe to pitting oor- 
30 fosion was deteriorated due to the f[»rmatton of inclui^ne in an IncTeemd amount although the vafuee for 
PREW were sufficiently high. 

From the re^ts on corrc^lon resistance in acid shown in Tal^e 2 In terms of (Xtrroslon rate In sulfuric acid, 
it <^n be seen that the addition of Cu is effective for jmprovement In oorrosion resistance in a non-o)ddi:a'ng 
or reducing add envoronment such as H^04. Hie results on pKting potentiad indicale that the aif^tian of V Sa 
ss alsoi^lectiva. Howeveri hotworkabiiilywasffBnnailcabtydec^aded In Steels Nos. 13- 15 which areoomfmlh^ 
steels having ait excessively high Cu or V content. 

Hot worliabilfty was evaluated in t^ms of reduction in area in a high-speed tensile test at a temperature 
of 1000 ^Gt at which adverse ef facte of 8 and precipitated intermetalfic compounds on hot workabSily become 
slgn^icant As can be seen from Table 2, the hot worl<al^^ of the steels of the present invention was safis- 
40 factory giving a reduction in area of at least 74%. Steels Nos. 16-25 which contained at least one second 
group ^enHM In order to attein ftirther in^rovement in hot worlcabiSty showed an ^dremely high reduction In 
area of at ieast 90%. 

From Tat^e 3, which Indicates tensile properties at room temperature and 20D ""C, it can be seen that the 
steels of the present fnventlon have excellent mechanical strength since both the 0.2% yield sirength (y.S.) 

4S and tensile strength (I.S.) of these steels were comparable to those of the prior art super duplex stelnless 
ate^ (Nob. 42 - 44) irfeBpecUve of iampaiahro (foom tmperature or 200 ''C). Pffl-tlcularly, Ste^ Nos. 5 to 
7 wMch oonteined 3% or more W showed an ^emety high yield st^ngth of 600 N/mm? at room temperature. 
In spite of such high strength, the steels of the present invention showed a high elongation (B), Indicating that 
their ductility was satistactory. 

50 Figure 1 1s a graph in which the values for PREW of representetive steels tested ^ E hfs example are plotted 
against pl^ng potential of these steds measured In a 20% NaCf solution at 80 The numbers In this figure 
correspond to the 8teet Numt^rs. The larger the PI^W value, the higher the pitting potenttaL Parllculffirly 
tht»e steels having a relatively high W content of greats then 2X3% (Steels Nos. 4 - 7, 10 - 12, eto.) showed 
a tendency to have an increased pitting potenti^ over the average lelationsl^p between Pi^EW value and fAt- 

5S ting corrosion. 

It will be appreciated by those skilled in the art that nieneious variations and modifications may be made 
to the invention as described above with respect to speoif tc emfaodHmente without departsig from the spirit or 
aoope of the Invention as Imadly deacdbed. 
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1. A hrgh-sfrength duplex steilnless steel with Improved carroston i«^8laiu»« wN<^ has a chemlcai eompo* 
^ion condfettifig essentially, on a weight basis, of; 

C: 0.03% or less, SI: 1.0% or less, 

Hrks 1*5% or lesSr ^« 0.040% or less, 

S: 0.008% or less, sol-Als 0*040% or leiss. 

Hit 5.0 - 9,0%, crs 23.0 - 27.0%, 

Mo: 2.0 - 4.0%r N: 0*24 - 0*32%, 

greater than 1,5% and «t most 5.0%r 



at feast one etement sslectaci ton the graup consisting of Cti: 0 - 2^ and V: 0 1 .5%, 
at least one ^mejit selacled torn the group consisting of Ca: 0 - Dj02%, Mg; 0 - 0.02%, B: 0 - 
0JD2%» and one or mote rare earth metals: 0 - 0^% fn infar, and 
a bdanoa of Fa and incidental tmpu^les, 
20 said ohfliRicai composition having a value of at teast 4D for PREW defined by the Allowing ftirmuia (a) : 

PREW = l%Cti ♦ 3,3(I%MoI + 0.5I%VV]) + 1B[%N] <a) 
vi^iere the peioent of each element is by weight 

2. The hf^vstier^h duplex stairdess steel of Ctalm 1 , which contains at least one efamsnt selected ftom 
25 the gmup consMng of Cir. 0^ - 2.0% and V: 0.05 - 1.5%. 

3. The high-sfvength duplex stainless steel of Qa^ 1 , which contains at least one element select from 
the group consisting of Ca; 0.02% or Mg; 0.02% or less, B: 0.02% orless. and one ormc»B lare earth 
metals: 0^ or lass In totaL 

30 

4. The high-stiength duplex sie^nless steef of Claim 1 . ifl^ich ooidains at least one ctonent selected from 
the group constating of Cu: 0^ - 2.0% and 0.0$- 1 .5% and at leas^one elementselected from the group 
cons^lng cvFCa;ao2% tM-iess* Mg: 0.02%orle8s» & 0.02.% or less, and one cm* more rare earth metals: 
OJ2%0riessiRt0ted. 

^ 5. The high-sferength chiplex siarnlem aleel of any one of the preceding dalms. ^eraRi the 81 content is at 
most 0.5%, 

& The high-strength duplex stalnieaa steei of any one of the precedirnj ciaiins. wherein the S content la at 
mosta005%w 

40 

7. Tlie hii^-sbeength implex stainless sleel of any one of the preoecSng dakis, wherein the W content is 
greater than 2.0%. 

45 
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